We outline the prospects for performing pioneering radio weak gravitational lensing analyses using observations from a potential forthcoming JVLA Sky Survey program. A large-scale survey with the JVLA can offer interesting and unique opportunities for performing weak lensing studies in the radio band, a field which has until now been the preserve of optical telescopes. In particular, the JVLA has the capacity for large, deep radio surveys with relatively high angular resolution, which are the key characteristics required for a successful weak lensing study. We highlight the potential advantages and unique aspects of performing weak lensing in the radio band. In particular, the inclusion of continuum polarisation information can greatly reduce noise in weak lensing reconstructions and can also remove the effects of intrinsic galaxy alignments, the key astrophysical systematic effect that limits weak lensing at all wavelengths. We identify a VLASS "deep fields" program (total area ∼10-20 deg 2 ), to be conducted at L-band and with high-resolution (Aarray configuration), as the optimal survey strategy from the point of view of weak lensing science. Such a survey will build on the unique strengths of the JVLA and will remain unsurpassed in terms of its combination of resolution and sensitivity until the advent of the Square Kilometre Array. We identify the best fields on the JVLA-accessible sky from the point of view of overlapping with existing deep optical and near infra-red data which will provide crucial redshift information and facilitate a host of additional compelling multi-wavelength science.
Introduction
Weak gravitational lensing is the effect whereby images of faint and distant background galaxies are coherently distorted due to deflection of their light by intervening large scale structures in the Universe. This "cosmic shear" effect is recognised as one of the key cosmological probes that will allow us to precisely probe the nature of dark energy with future surveys (Albrecht et al., 2006; Peacock et al., 2006) . The current state-of-the-art in terms of weak lensing comes from optical surveys covering 154 deg 2 , i.e. the recent CFHTLenS results (Heymans et al., 2012) . Although the lensing-derived constraints on the evolution of structure are currently not strong enough to meaningfully constrain the properties of dark energy, ongoing and future ground-based surveys, e.g. the KiDS (de Jong et al., 2013) , DES 1 , HSC 2 , LSST 3 and SKA 4 surveys, and ultimately satellite missions such as NASA's WFIRST 5 and ESA's Euclid 6 telescope (Laureijs et al., 2011) , promise to revolutionise the field of weak lensing by allowing precision measurements of structure growth. In addition, lensing measurements can be used to test the nature of gravity in a complementary way to other cosmological probes (e.g. Simpson et al. 2013; Raccanelli et al. 2012) .
The only detection of weak lensing in the radio band to date was made by Chang et al. (2004) using the VLA FIRST survey (Becker et al., 1995) . Since then progress in radio weak lensing studies has lagged behind the optical because of the much smaller number density of galaxies typically seen in radio surveys as compared to the optical bands. This situation is beginning to change with the advent of a new generation of radio telescopes. Indeed a number of relatively large observational programs in the radio have weak lensing as one of their primary science drivers. In particular the SuperCLASS 7 survey on the UK's e-MERLIN telescope aims to detect the weak lensing signal in a supercluster of galaxies while the CHILES 8 continuum and HI surveys, currently being undertaken on the JVLA, will search for radio weak lensing effects in the COSMOS field. Large scale surveys with the LOFAR telescope and with the SKA pathfinder telescopes, MeerKAT and ASKAP will also offer interesting opportunities for radio weak lensing studies (mainly through lensing magnification effects) in the run-up to Phase-1 of the SKA for which construction is due to start in 2017.
This new generation of radio telescopes can offer unique and powerful added value to the field of weak lensing. Firstly, deep radio surveys will probe the lensing power spectrum at significantly higher redshift than most of the planned optical lensing surveys. The addition of radio can therefore offer a more powerful redshift "lever arm" with which to measure the effects of dark energy on the evolution of structure. Secondly, instrumental systematic effects are a serious concern for weak lensing studies for which a very accurate representation of the beam or point spread function (PSF) of the telescope is required. The highly stable and deterministic beam response of radio interferometers could therefore prove a major advantage for weak lensing science. Thirdly, the radio offers unique and novel opportunities to measure the effects of weak lensing that are not available to optical lensing surveys through polarization measurements, HI rotational velocity measurements and the direct measurement of galaxy shapes in the uv visibility plane.
The JVLA's unique combination of excellent sensitivity and relatively high angular resolution will remain unsurpassed until the advent of the SKA. These qualities also make the JVLA an excellent facility with which to spearhead the development of radio weak lensing. Here, we describe how the JVLA could play a major role in this rapidly developing field through consideration of radio weak lensing science during the survey design for a new generation of VLA Sky Surveys (VLASS).
Optimal survey configurations for the VLASS
Here we examine the optimal configurations for a VLASS conducted at frequencies 1.4 (L-band), 3.0 (S-band) and 4.8 GHz (C-band). Using Fisher analyses and simple mode-counting arguments, one can predict the achievable errors on the cosmic shear power spectrum with a given survey design. For our purposes, by "survey design", we simply mean the survey area and depth (the latter assumed to be constant across the survey). The forecasted errors on a measurement of the 2D cosmic shear power spectrum in a band of ∆ , centred on a multipole, are
where f sky is the fraction of sky observed, n g is the number density of source galaxies and γ rms is the total dispersion in the galaxy ellipticity estimates due to both measurement errors and the intrinsic dispersion in galaxy shapes. We assume both to be ∼ 0.3 resulting in an effective shear estimator dispersion of γ rms = 0.42. This is consistent with the observed shapes of galaxies in both deep optical surveys (e.g. Miller et al. 2013 ) and in deep radio observations (Patel et al., 2010) . C is the power spectrum which we calculate in the concordance ΛCDM cosmology as
where χ h is the comoving distance to the horizon. W (χ) is the lensing efficiency function, which for a lens at comoving distance, χ d and redshift, z d is
Here, f (χ) is the distribution of sources in comoving distance, specified by the source redshift distribution, f (χ)d χ = n(z) dz. Note that, in this work, we have considered only the measurement of a single projected 2D power spectrum (C ). However, more generally, given distance information (e.g. from photometric redshift estimates), one can extract additional cosmological information on the evolution of structure in the Universe by measuring the lensing power spectrum in a series of tomographic redshift bins, C (z). To calculate error forecasts for different survey designs, we require the redshift distribution of sources as a function of flux density threshold. Throughout this work we adopt a detection threshold of S tot > 10σ where σ is the projected RMS image noise. We have obtained an estimate of the radiofrequency n(z) from the Square Kilometre Array Design Studies (SKADS) simulation (Wilman et al., 2008) for flux density thresholds between 1 and 100 µJy. Fig. 1 shows how the normalized 1.4 GHz n(z) changes with the detection threshold for only the star-forming galaxies included in the SKADS simulation. For similar detection thresholds the redshift distributions for the S-band and C-band galaxy populations in the simulation are broadly similar.
The SKADS simulation also provides us with an estimate of the galaxy surface number density for a given detection threshold. These are plotted in the left panel of Fig. 2 for the three VLA frequency bands considered here. Note that we have re-normalized the galaxy densities such that N (S 1.4 GHz > 54 µJy) ≈ 1.5 arcmin −2 in order to match the number counts seen in the deep radio surveys of the VLA + MERLIN HDF-North field (Muxlow et al., 2005) and the VLA-COSMOS Large and Deep surveys (Schinnerer et al., 2010) . Our adopted number density normalization is mid-way between those of the "gold" (N (S 1.4 GHz > 54 µJy) = 0.75 arcmin −2 ) and "silver" (N (S 1.4 GHz > 54 µJy) = 3.76 arcmin −2 ) galaxy samples constructed by Patel et al. (2010) who reanalysed the Muxlow et al. (2005) VLA + MERLIN data for the purposes of a radio weak lensing study.
A further crucial factor that can impact the performance of weak lensing studies is the angular resolution of the telescope in relation to the typical size of the galaxies for which one wishes to Figure 1 : Redshift distribution of star-forming galaxies in the SKADS simulation for L-band detection thresholds of 1, 10 and 50 µJy. The distributions have median redshifts of 1.76, 1.25 and 0.84 respectively and are normalized arbitrarily such that z n(z) = 1. For the same detection threshold, the S-band and C-band distributions are broadly similar to the L-band n(z) although the total number of galaxies detected drops significantly (Fig. 2 ).
obtain accurate shape measurements. In the right panel of Fig. 2 , we plot the distribution of galaxy sizes for two representative detection thresholds (10 and 20 µJy). Once again, these distributions have been derived from the SKADS simulation but they have been re-normalized to agree with observations. This re-normalization (which required a reduction in the sizes listed in the SKADS simulation by a factor of ∼3) was necessary to bring the mean galaxy size for the S 1.4 GHz > 20 µJy sample down to around 1 arcsec as found in a re-analysis of the Muxlow et al. (2005) MERLIN + VLA HDF-North observations (Wrigley et al. , in prep.) . For well-detected (e.g. 10σ) galaxies it is reasonable to assume that a good shape measurement is possible if the galaxy size is more than about 50% of the angular resolution of the telescope. Inspection of Fig. 2 then suggests a typical required angular resolution of ∼1 arcsec for a detection threshold of 10-20 µJy. Comparing to the resolution capabilities of the JVLA, the optimal array configuration would likely be A-array for L-and S-band observations (1.3 and 0.65 arcsec resolution respectively) while B-array would be appropriate for C-band observations (1.0 arcsec resolution). We note that for observations at S-band in A-array configuration, one would also need to consider how much of a typical galaxy's large scale emission is resolved out and the resulting potential impact on required survey times. This should not be a problem at L-band for which the A-array resolution is well-matched to typical galaxy sizes.
To arrive at the optimal survey strategy for detecting cosmic shear for a given amount of telescope time, we keep the quantity √ Ω/S rms fixed where Ω is the survey area and S rms is the RMS noise in flux density. This relation is normalized using the survey speed parameters required to achieve 100 µJy image noise RMS as listed in the VLASS capabilities document 9 made available alongside the call for VLASS White papers. The projected surface number density of galaxies as a function of the detection threshold for the JVLA's L-, S-and C-band frequency ranges. These projections have been obtained from the SKADS simulation, renormalized to match the observed counts of N (S 1.4 GHz 50 µJy) ≈ 1.5 arcmin −2 as measured in deep existing radio observations such as the VLA + MERLIN observations of the HDF-North (Muxlow et al., 2005) and the Large and Deep components of the VLA-COSMOS survey (Schinnerer et al., 2010) . Right panel: Distribution of galaxy sizes for limiting flux densities of S 1.4 GHz = 10 and 20 µJy as measured from the SKADS simulation and re-normalized (reduced in size by a factor of ∼ 3) to agree with the typical sizes of galaxies detected in the HDF-North. Also plotted are the actual measured sizes of galaxies as seen in a re-analysis of the MERLIN + VLA HDF data making use of size estimates for 339 galaxies at S 1.4 GHz > 20 µJy (Wrigley et al., in prep.) . For most of the survey configurations we examine in this study, the majority of detected galaxies will be resolved by the VLASS and so will allow accurate shape measurements.
The signal-to-noise of the detection of cosmic shear is calculated as
where the sum is over shear power spectrum bandpowers (P b ) and σ b is the forecasted error on each bandpower (eq. 1). We calculate S/N as a function of the RMS noise flux density and survey area. Note that the minimum and maximum observable power spectrum multipoles are also determined by the survey configuration through the maximum survey dimension and the typical angular separation of nearest neighbour galaxies respectively. These effects are included in our power spectrum forecasts. Finally, the optimal survey configuration is chosen to be the one which maximizes the S/N . We have performed this survey optimization procedure for four cases of total observation time, T obs = 1000, 3000, 5000, and 10000 hours. The predicted constraints on the shear power spectrum for the optimal survey found in each case are shown in Fig. 3 . Table 1 lists the survey area and S/N values for the optimal survey for each T obs and frequency band considered. We see that for the largest survey duration of T obs = 10000 hrs, we could expect to detect the cosmic shear signal at > 3σ even if the survey were to be conducted at C-band (although one would have to spend all of that time integrating on only 2 square degrees of sky). At L-band the T obs = 10000 hours survey could lead to a ∼ 10σ detection which is approaching the sensitivity of the most sensitive optical lensing surveys conducted to date. Note that to achieve this 10σ detection, once again, one would need to concentrate on a relatively small field (∼ 20 square degrees).
It is interesting to examine how the S/N of the detection depends on the adopted RMS image noise and survey size. These dependencies are demonstrated in Fig. 4 where we plot the S/N curves for each frequency band for the T obs = 10000 and T obs = 3000 hrs cases. The left hand panel of Fig. 4 shows S/N as a function of RMS noise. We see that the optimal image noise RMS level is insensitive to the survey time adopted, remaining at ∼ 1 µJy for the L-band survey for both values of T obs . Similarly for the S-and C-band surveys, the preferred image RMS noise levels are ∼ 0.6 µJy and ∼ 0.5 µJy respectively independent of survey time. The corresponding preferred galaxy number density in all three cases is ∼ 15 arcmin −2 . Note that these conclusions would change to some degree if we were to change the measure which we wish to optimize. For example, if we were to optimize on the survey's ability to constrain the very large scale power spectrum (for instance only multipoles < 100), then a higher noise level would be preferred as the relative importance of the sample variance and noise variance terms in eq. (1) would have been altered.
The right hand panel of Fig. 4 shows the S/N as a function of survey area again for the T obs = 10000 and T obs = 3000 hrs cases. As expected, we see the preferred survey areas increasing Table 1 : Optimal survey areas and shear power spectrum detection significances for different observing times at L-band, S-band and C-band. The first column lists the assumed observation time in hours. The following six columns list the optimal survey area in square degrees (Ω) and the corresponding signal-to-noise of the weak lensing power spectrum detection (C lens S/N) for the three frequency bands. The required depths (in terms of image RMS) are ∼ 1 µJy, 0.6 µJy and 0.5 µJy for L-, S-and C-band respectively, independent of observation time. The signal-to-noise with which the shear power spectrum is detected for the 3000 and 10000 hours survey in each frequency band as a function of RMS noise (left panel ) and survey area (right panel ). The corresponding plots for the other survey times investigated look broadly similar with the optimal survey areas increasing with increasing observation time.
as we increase the observation time. Perhaps the most useful aspect of this plot is the ability to identify the range of survey areas over which the S/N remains approximately constant for a given survey duration. It is clear from the figure that the S/N curves become more peaked for longer and deeper surveys meaning that this range is smaller for larger survey programs. Nevertheless, even for the most powerful radio weak lensing survey (10000 hrs @ L-band), the S/N is relatively constant for survey areas between ∼ 10 and ∼ 100 square degrees. For ease of comparison, in Table 2 , we report the S/N values for all of the survey configurations that we have investigated for the cases of Ω = 1, 10 and 100 square degrees. 
The unique value of weak lensing in the radio
One of the most compelling reasons for pursuing measurements of weak lensing in the radio band is the unique added value that radio lensing can offer above and beyond the traditional optical-based approaches. One unique advantage is the polarization information that is available in the radio and which can provide information on the intrinsic (unlensed) shapes of background galaxies. As described in Brown & Battye (2011a) , the position angle of the integrated polarized emission from a background galaxy is unaffected by gravitational lensing. If the polarized emission (which is polarized synchrotron emission sourced by the galaxy's magnetic field) is also strongly correlated with the disk structure of the galaxy then measurements of the radio polarization position angle can be used as estimates of the galaxy's intrinsic (unlensed) position angle. Such an approach could potentially have two key advantages over traditional weak lensing analyses. Firstly, the polarization technique can be used to effectively remove the primary astrophysical contaminant of weak lensing measurements -intrinsic galaxy alignments (see e.g. Heavens et al. 2000; Catelan et al. 2001; Hirata & Seljak 2004; Brown et al. 2002 ) -which are a severe worry for ongoing and future precision cosmology experiments based on weak lensing. Secondly, depending on the polarization properties of distant background disk galaxies, the polarization technique has the potential to reduce the effects of noise due to the intrinsic dispersion in galaxy shapes. Using the polarization technique, the forecasted errors on a measurement of the shear power spectrum becomes (Brown & Battye, 2011b) 
where α rms is the scatter in the relationship between the observed polarization position angle and the intrinsic structural position angle of the galaxy and n pol ≈ f pol n g is the number of galaxies Figure 5 : Forecasts of the constraints on the shear power spectrum obtainable with a 10000 hour Lband survey using the polarization technique described in the text. The observational parameters, f pol and α rms , appropriate for the faint µJy galaxy population are unknown at this time so we present forecasts for two possible cases. The forecasted constraints are restricted to the low-(linear) part of the power spectrum due to the assumed low surface number density of galaxies with measurable polarization.
for which one can obtain accurate polarization measurements. These parameters depend on the details of the polarization properties of background galaxies (e.g. the mean polarization fraction, Π pol ) which are currently not well known. There are some existing measurements for a sample of local spiral galaxies (Stil et al., 2009 ) which suggest α rms < 15 • and Π pol < 20% although the sample is small. In Fig. 5 , we plot the forecasted constraints that could be achieved with a 10000 hr L-band survey for two representative cases: {α rms = 5 • ; f pol = 5%} and {α rms = 0.5 • ; f pol = 0.5%}. Once again, in each case we plot the forecasts for the optimal survey area and depth which was identified as described in the previous section. It is clear from eq. (5) that the polarization technique becomes free of shape noise in the limit of α rms = 0. A consequence of this behaviour is apparent in Fig. 5 -as α rms is reduced the shape noise contribution to the total error becomes sub-dominant and the optimization procedure pushes the survey area to larger areas. At the same time, a reduction in the mean polarization fraction, Π pol will result in a low surface number density of galaxies which will limit the maximum multipole that can be probed with the polarization technique. Note also that it may be possible to select sub-samples of the total galaxy population to have particular polarization properties. For example, one could imagine that selecting only galaxies with high fractional polarization would yield a galaxy sub-sample with highly ordered magnetic fields which would consequently have a very tight correlation (low α rms ) between the polarization orientations and the intrinsic structural position angles of the galaxies. Of course, such a sub-sample would also have a very low surface number density of galaxies. The polarization technique may therefore be better suited to probing the shear power spectrum on large scales where high number densities are not required.
A second novel idea that is well suited to radio observations is to use rotational velocity mea-surements to provide information about the intrinsic shapes of galaxies. The idea, first suggested by Blain (2002) and Morales (2006) , is to measure the axis of rotation of a disk galaxy and to compare this to the orientation of the major axis of the galaxy disk image. In the absence of lensing, these two orientations should be perpendicular and measuring the departure from perpendicularity directly estimates the shear field at the galaxy's position. Such an analysis would require commensal HI line observations which could in principle be done at no extra cost in terms of telescope time. The rotation velocity technique shares many of the characteristics of the polarization approach described above -in the limit of perfectly well-behaved disk galaxies, it is also free of shape noise and it can also be used to remove the contaminating effect of intrinsic galaxy alignments. In practice, the degree to which the rotational velocity technique improves on standard methods will be dependent on observational parameters analogous to the ones for polarization discussed above. First, one would need to account for the fact that the HI line emission of galaxies is much fainter than the broad-band continuum emission and so the number of galaxies will be reduced (equivalent to the n pol parameter discussed above); and secondly, for a population of real disk galaxies, there will again be some scatter in the relationship between the rotation axis and the major axis of the galaxy disk (equivalent to the α rms parameter in the polarization case). Recently, Huff et al. (2013) have proposed to extend this technique using the Tully-Fisher relation to calibrate the rotational velocity shear measurements and thus reduce the residual shape noise even further. Both the polarization technique and the rotation velocity approach are currently being tested as part of the SuperCLASS and CHILES projects. They offer great promise for reducing the impact of shape noise and intrinsic alignments in radio weak lensing surveys. We note that the rotation velocity approach would not be feasible with a L-band A-array configuration survey due to the low surface brightness in HI. Nevertheless, the application of the polarization approach on the VLASS data is likely to be one of the most exciting aspects of the radio weak lensing analysis.
In addition to these new astrophysical probes, radio observations offer unique advantages for traditional lensing analyses by way of fitting for galaxy shapes directly from uv-visibility data (Chang & Refregier, 2002; Chang et al., 2004) . Another unique aspect comes from the JVLA's wide bandwidth at L-and S-band which will allow the direct measurement of the frequency dependence of the beam. This is a potential major advantage over optical broad-band photometry where galaxy SEDs vary wildly while in the radio, galaxies typically exhibit smooth power-law type spectra.
Choice of observing fields and overlap with optical surveys
In Section 2 we have identified deep, high-resolution (A-array) L-band observations of relatively small sky areas (∼ 10 − 100 square degrees) as the optimal survey configuration from the point of view of maximising the sensitivity for cosmological weak lensing measurements. If the VLASS is to pursue such a strategy, the choice of field location is obviously a key consideration. Here, we identify the regions on the sky that are accessible to the JVLA and for which deep lensing quality optical and near infra-red (NIR) imaging already exists. The deep NIR data will be crucial as it will allow the estimation of photometric redshifts for galaxies in the range 1 < z < 2 where a large fraction of the VLASS source galaxies are predicted to lie (see Fig. 1 ). Fig. 6 shows the location of major northern and equatorial survey fields where deep optical and NIR imaging already exists. In addition to the CFHTLenS and KiDS surveys (which provide high-quality optical imaging data over large areas), also displayed are the location of five key deep field -the XMM-LSS, the Lockman Hole, the ELAIS N1 field, the SA22 field and the COSMOS field. These areas all include deep NIR observations (e.g. from the UKIDSS-DXS or VISTA VIDEO surveys) and hence would be ideal for supplying photometric redshift information to a VLASS deep In addition to providing redshifts, overlapping high quality optical imaging in these fields will provide a unique opportunity to test cross-correlation techniques that have been proposed with a view to mitigating instrumental systematics in weak lensing analyses (Jarvis & Jain, 2008; Patel et al., 2010) . Although not the focus of this white paper, we note in passing that a deep A-array L-band survey targeting these well-studied fields would prove very interesting for a host of other extra-galactic science areas such as galaxy formation and evolution, star-formation studies out to high redshift, galaxy morphology studies and 3D clustering analyses of AGN and starburst galaxies.
Conclusions
We have explored the potential of large JVLA survey programs to provide a major step forward in the field of radio weak lensing. Of all of the SKA precursor and pathfinder telescopes, the JVLA is perhaps the instrument that is most suited to weak lensing work thanks to its unique combination of excellent sensitivity, relatively high angular resolution and relatively fast survey speeds. This white paper argues for a deep and high-resolution survey conducted over a relatively small survey area (a few 10s of square degrees) at L-band in A-array configuration. Such a survey will build on the JVLA's key strengths and will enable ground-breaking radio weak lensing science as well as many other compelling science goals in the areas of galaxy evolution, AGN clustering and understanding the physics and morphologies of star-forming and starburst galaxies to high redshift. Our key findings are:
• Depending on the duration of time devoted to a large VLASS program, a radio weak lensing analysis of the VLASS could detect the effects of weak lensing by large scale structure with significances up to ∼ 10σ. To achieve the upper limit of this range would require a 10000 hr deep radio survey over ∼ 10-20 deg 2 to be conducted at L-band in A-array configuration.
• Up to 7σ (5σ) detections could be achieved with a 5000 hr (3000 hr) L-band survey. The optimal survey area would be to focus on deep fields covering ∼10 square degrees.
• The weak lensing potential of the VLASS is reduced with increasing frequency. S-band could achieve a 4σ detection with a 5000 hr survey while a survey conducted at C-band would only exceed a 3σ detection with 10000 hrs of telescope time.
• The radio band offers unique advantages for performing weak lensing studies. Both polarization information and rotational velocity measurements from HI line surveys hold great promise for reducing the effects of shape noise and minimizing the contaminating effects of intrinsic alignments. The polarization technique can only be used in the radio.
• If the VLASS are to pursue a deep fields strategy, the choice of fields should be informed by the location of existing high-quality optical and NIR data. We have identified five fields covering ∼10-20 square degrees where this information already exists and which would be good candidates for a VLASS deep fields program.
We conclude with a demonstration of how a weak lensing analysis of a VLASS deep fields program could significantly enhance the current state-of-the-art in terms of optical weak lensing measurements. Fig. 7 shows the forecasted constraints from the proposed ∼ 17 deg 2 10000 hr Lband survey with the corresponding forecasts for the current state-of-the-art survey (CFHTLenS) as well as the forecasts for two representative ongoing optical surveys, the KiDS and DES surveys. The latter two surveys, and the HSC survey, are to be conducted over the next 5 years, potentially on a similar timescale to a large VLASS program. We immediately see that the VLASS survey probes a redshift range that is completely complementary to the shallower redshifts of the optical surveys. The addition of the high redshift information from the VLASS would therefore greatly enhance studies of the growth of structure through lensing by adding additional high-redshift bins to a tomographic cosmic shear analysis. This would in turn result in improved constraints on dark energy parameters. Beyond this, novel radio-based approaches to weak lensing through the use of polarization and rotational velocity measurements may well yield the best route forward for dealing with the problem of intrinsic galaxy alignments, the most troublesome obstacle for future precision cosmology experiments based on weak lensing. Designing the forthcoming VLASS to accommodate the weak lensing science exploitation advocated in this paper will provide an ideal dataset on which to demonstrate and refine these novel techniques. Figure 7 : Performance of the optimal 17 deg 2 10000-hr L-band survey compared to the precision of current state-of-the art optical weak lensing survey (CFHTLenS) and two of the major ongoing weak lensing surveys (KiDS and DES). The KiDS, DES and HSC surveys will be conducted over the next 5 years, potentially on a similar timescale to a major VLASS. Note how the VLASS probes a much higher redshift range than the optical lensing surveys. The proposed VLASS would thus provide additional cosmological information on the evolution of structure at high-z beyond the reach of the optical-based lensing surveys. The forecasted detection significances of the constraints shown are ∼ 10σ (VLASS), 15σ (CFHTLenS), 30σ (KiDS) and 43σ (DES).
